Microspectrophotometric analysis of the DNA content of nuclei in various parts of Chara zeylanica Willd. revealed that the amount of DNA in the nucleus of an internodal cell equals twice the amount of DNA in the nucleus of a sperm, while the half-anaphase stage of the same nodal cells contains the same amount of DNA as the nuclei of the male gametes. The DNA content of the nuclei of internodal cells may rise as much as 50 times higher than that of the gametes. However, in the oldest (most basal) internodal cells, the DNA content of the minute nuclei falls again to the basic (1 C) amount. Measurements of sister nuclei derived by amitosis indicated that both nuclei have equal amounts of DNA; this was interpreted as further evidence that amitosis is not a disorganized process or manifestation of degeneration. The bearing of these analyses on the question of the site of meiosis in these plants is discussed.
INTRODUCTION
Although Chara is a linnaean genus and has been the subject of many types of investigations, the definite pattern of its chromosome cycle has not been clear. The nuclear division in internodal cells is often cited in cytology texts as an example of amitosis, but no one has ever described this process in any detail. In another paper (Shen, 1967) , the writer has described the history of the nucleus and its mode of division during ontogeny. The development of the multinucleate condition in the internodal cells of Chara eylanica and Chara contraria does show a regular pattern of amitotic division, and the two daughter nuclei are always similar in shape and size (Fig. 21) .
To obtain further support for this conclusion, to make clear the chromosome cycle of this plant, and to elucidate the pattern of DNA synthesis in the internodal cells, we subjected the material to microspectrophotometric analysis.
MATERIALS AND METHODS
In the present investigation, nuclei of Chara zeylanica were stained by using the Feulgen technique, and many nuclei were measured microspectrophotometrically by using the two-wavelength method (Patau, 1952; Ornstein, 1952) so that the amount of DNA could be determined. The validity of DNA determination by the use of Feulgen-stained preparations has been well established and extensively discussed (Ris and Mirsky, 1949; Lessler, 1953; Swift, H., 1953; Kasten, 1958; Garcia, 1965) .
Shoot apices and older internodes of C. zeylanica were fixed overnight in 10% neutral-buffered formalin, washed, and hydrolyzed with I N hydrochloric acid at 60C for 12 min. They then were stained for 1 hr in Shiff's reagent (Lillie, 1951) , were washed twice for 5 min each in a bisulfite solution (prepared by adding 5 ml of 1 N HCI and 5 ml of a 10% aqueous solution of potassium meta-bisulfite to 100 ml of distilled water), and then were washed with distilled water. The older internodal cells were ecorticated under the stereoscopic binocular microscope, dehydrated, and mounted on Permount (Fisher Scientific Company, Pittsburgh, Pa.). Sperms were smeared on previously albuminized slides. Shoot apices were dehydrated, embedded in tissue mat, and cut into 25-,u sections with the rotary microtome. The paraffin sections were then affixed to albuminized slides, dried, deparaffinized in xylene, and mounted on Permount. It should be emphasized that all the Chara materials used for the microspectrophotometric study have been fixed, hydrolyzed, and treated in toto by using the Feulgen method. As a result, the intensity of the Feulgen coloration was relatively uniform and suitable as a basis for the DNA analysis in all parts of the plant. A Feulgen spectral-absorption curve was obtained ( Fig. 1 ) from a Chara nodal cell nucleus which had been fixed and stained in toteo with all the Chara materials used for this experiment. The maximum and half-maximum absorption values are 564 and 509 m, respectively. These two wavelengths were used for all the measurements in this experiment.
The amounts of Feulgen-DNA in the materials measured were calculated according to the following formula: DNA = KBL 1 C (Patau, 1952) . The data presented in tables (Tables I and II) and histograms ( Fig. 2-15 ) are given in arbitrary units (BL 1 C), without a calculated value for K.
RESULTS
The measurements of nuclei of C. zeylanica in various parts of the organism are presented with mean values in Table I ; the frequencydistribution of the DNA content in relation to the number of nuclei is shown in the histograms of Figs. 2-15.
The frequency-distribution charts (Figs. 2-6 and 11-13) show that a somatic nucleus typically has the same amount of DNA at interphase and metaphase, and twice as much at "half-anaphase" and that it also contains twice as much DNA as a gametic nucleus. Hence DNA synthesis is carried on early during interphase. DNA increases in amount in the nuclei of the internodal cells. It can exceed 20 times the DNA content of the nucleus of the internodal initial. The frequency-distribution chart ( Fig. 15 ) of the spherical nuclei in the internodal cells shows two peaks; these peaks coincide with the peaks of the typical somatic nodal nuclei and with those of the gametic nuclei. The difference in the DNA content between the typical interphase nucleus and the spherical nucleus in the old internodal cell may 'Half-anaphase refers to each daughter group of chromosomes in late anaphase 378 THE JOURNAL OF CELL BIOLOGY · VOLUME 35, 1967 . 100 75 50 25 be due to the fact that the typical somatic interphase nucleus, which is actively growing, shows the 2 C amount of DNA, 2 while the arrest of divi-2 C = hap]oid amount of DNA according to Swift (1950) . This designation is used on the assumption that the plant is haploid. The haploid amount of DNA in C. zeylanica was found to be 9.46 X 10 -12 g.
sion and of DNA synthesis in the older cells results in the accumulation of a population of nuclei with 1 C values. Sister nuclei, formed after amitotic nuclear division, which were still closely associated were Table II . The results indicate that two sister nuclei always contain almost equal amounts of DNA. This identity reflects equipartition of DNA and also a high degree of synchrony in the subsequent DNA synthesis by the daughter nuclei.
DISCUSSION
The data summarized above have shed some light on the following phenomena: (a) the sequence of "polyploidy" or "polyteny" and somatic reduction of the nuclei in the internodal cells of Chara; (b) the symmetrical division pattern of the nucleus and equipartition of DNA in amitosis in the internodal cells; (c) the site of meiosis.
In the present investigation, DNA measurements show that the nuclei in the internodal cells of Chara zeylanica increase their DNA content during their proliferation; this increase results in an increase in nuclear DNA and in the number of individual nuclei in a cell. Although no chromosomes could be seen in the internodal cells, the data on DNA in the internodes (Table I; Figs. 7-10) clearly suggest the occurrence of a phenomenon similar to the endomitosis that Berger observed as leading to endopolyploidy in insects (Berger, 1938 (Berger, , 1941 White, 1954) .
DNA synthesis and nuclear division are two independent functions of cellular metabolism.
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--H Either function may be blocked in the course of normal development in a tissue in which the other process may still take place (Patau, 1952; Patau and Swift, 1953; Patau and Das, 1961) . In the early development of Chara internodes, the rate of DNA synthesis exceeds that of nuclear division. Therefore, the nuclei in the internodal cell enlarge. As these nuclei reach an upper limit in size, the rate of nuclear division becomes higher; thus, in the older internodal cells the nuclei become smaller. It is very interesting that the small, spherical nuclei in the old internodal cells have the same amount of DNA as do the nuclei of the apical cells and the nuclei of the nodes in the vegetative axes and reproductive cells. This suggests a process of somatic reduction (Berger, 1938; Grell, 1946; Patau and Das, 1961) ; it also gives strong evidence that nuclear division in the internodal cells of Chara is as highly regulated as the more conventional mitotic division, and is not a degenerative process. The newly divided daughter nuclei, which could easily be recognized by their similarity in size and shape (Fig. 21) , also proved to have equal amounts of DNA (Table II) , as has been observed in protozoa (Kimball and Prescott, 1962) and mammals (Cleland 1961; Lapham, 1962) , both of which also exhibit amitotic division (although the phenomenon in protozoa is not strictly comparable to that in the present case). The supposed site of meiosis in Chara is controversial. No one has ever reported definite meiotic figures in any member of the Charophyta. Oehlkers (1916) , who studied Chara foetida, reported that meiosis occurs just before the germination of the oospores. He stated that he found four nuclei in the oospore before its germination. Thus, the plant would be haplo-haplobiontic, and the only diploid stage in its life cycle would be the fertilized oospore. However, Tuttle (1924 Tuttle ( , 1926 studied an undetermined species of Nitella and reported that meiosis occurs during the process of gametogenesis; thus, the gametes would be the only stage in the life cycle to contain a haploid number of chromosomes. Accordingly, the Nitella plant would be diplo-haplobiontic.
Gonqalves da Cunha (1936 Cunha ( , 1942 studied Chara vulgaris var. longibracteata and reported that meiosis occurs in the protonema. To substantiate this theory would prove that the plant is haplobiontic with diploid oospores and protonema and that it is a haploid adult plant with haploid sexual organs. Mendes (1946) studied Chara vulgaris var. longibracteata and made the following statements.
"The fact of having encountered the same num- Median longitudinal section of apex of main shoot. a, apical cell; s, subapical cell; n, nodal cell; 1, first internodal cell; 2, second internodal cell; 3, third internodal cell; 4, fourth internodal cell. X 120. FIGURE 17 A portion of an old internodal cell with a cluster of small nuclei. c, crescentic nucleus; sp, spherical nucleus. X 120. FIGURE 18 Sperms. X 500.
FIGURE 19 Antheridial filament. X 500.
FIGURE 20 Large crescentic nucleus of internodal cell. X 600. FIGURE 21 Two pairs of sister nuclei in internodal cell. X 400.
